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The role of the Λ(1670) resonance in the γp→ K+ηΛ reaction near threshold is studied within an
effective Lagrangian approach. We perform a calculation for the total and differential cross section
of the γp → K+ηΛ reaction by including the contributions from the Λ(1670) intermediate state
decaying into ηΛ dominated by K− and K∗− mesons exchanges, the nucleon pole and N∗(1535)
resonance decaying into K+Λ dominated by exchanges of ω and K− mesons. Besides, the non-
resonance process and contact terms to keep the total scattering amplitude gauge invariant are also
considered. With our model parameters, the total cross section of this reaction is of the order of 1
nanobarn at photon beam energy Eγ ∼ 2.5 GeV. It is expected that our model predictions could be
tested by future experiments.
PACS numbers: 13.75.-n.; 14.20.Gk.; 13.30.Eg.
I. INTRODUCTION
One major goal of hadronic physics is to get the prop-
erties of baryon resonances. There exists a huge amount
of data especially from πN reactions for studying the
nucleon and ∆(1232) resonances. The properties of most
of these resonances are reliably extracted by analyzing
various experimental data [1], which also can be rea-
sonably described by the constituent quark models [2–
4]. However, the situation changes when we look at the
properties of Λ resonances. Large uncertainties exist due
to poor statistic of data and limited knowledge of back-
ground contributions. Even for the well-established low-
lying negative parity states, such as Λ(1405), Λ(1520),
and Λ(1670), their properties are still controversial [5],
although they are four-star ranking in the review of par-
ticle physics [1].
To uncover the puzzles in the Λ resonances, the K−-
induced reactions provide us an important tool, espe-
cially the reaction of K−p→ ηΛ. This reaction provides
us a clear place to study the low-lying Λ resonances be-
cause only the Λ resonance contribute here due to the
isospin selection rule. Thus, when some accurate data on
the differential and total cross sections of the K−p→ ηΛ
reaction were reported by the Crystal Ball Collabora-
tion [6], they were analyzed with various theoretical mod-
els at once, e.g., effective Lagrangian model [7, 8], chiral
quark model [9]. Recently, a comprehensive analysis of
the K−p scattering data of total and differential cross
sections and recoil polarizations was performed with a
dynamical coupled-channel model [10]. All of those the-
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oretical analysis shows that the Λ(1670) dominates the
K−p→ ηΛ reaction around threshold for its strong cou-
pling to ηΛ, while the other hyperon resonances give mi-
nor contributions.
In the present work, basing on the knowledge of the
previous study of the K−p → ηΛ reaction, we continue
to study those Λ resonances from the γp → K+ηΛ pro-
cess. This process is also an important tool to gain infor-
mation on hadron resonance properties [11, 12]. In the
γp → K+ηΛ process, the contributions of the Λ reso-
nance diagrams are considered to be caused by the K−
and K∗− mesons exchanges between the initial photon
and proton. While the ηΛ production proceeds via the
excitation of the intermediate Λ(1670) 1 resonance which
has strong coupling to the ηΛ channel.
The article is organized as follows. In the next section,
the formalism and ingredients necessary for our estima-
tions are presented, then we show our numerical results
and discussions in Sect. III. Finally, a short summary is
given in Sec. IV.
1 It is worth to mention that within the coupled channel chiral
perturbation theory, the Λ(1670) resonance is dynamically gen-
erated from the meson-baryon chiral interactions [13], which in-
dicates that the nature of Λ(1670) could be meson-baryon molec-
ular state. However, the structure of the Λ(1670) resonance is
not the purpose of the present work. Hence, we will take it as
an elementary particle considering its finite decay width in its
propagator.
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FIG. 1: Feynman diagrams for the γp→ K+ηΛ reaction.
II. FORMALISM AND INGREDIENTS
We study the γp→ K+ηΛ reaction within an effective
Lagrangian approach and the isobar model, which has
been successfully used in our previous work [14–20]. The
basic Feynman diagrams for this process are depicted in
Fig. 1. Since Λ(1670) is close to the ηΛ threshold and
has strong coupling to ηΛ, we pay attention to the con-
tributions from the Λ(1670) (≡ Λ∗) resonance coupling
to the ηΛ final states. We also consider the contribution
from N(1535) (≡ N∗) 2 resonance which is caused by ω
exchange and decays into K+Λ pair. It should be em-
phasized that the contact terms are required to keep the
gauge invariant of the full scattering amplitude. In the
calculations, we have ignored some diagrams, such as the
diagrams of the γp→ p(or N∗)→ K+Λ(or Λ∗)→ K+ηΛ
processes. The reason is that the couplings of the interac-
tion vertexes involved in these diagrams are weaker than
those diagrams we consider in Fig. 1 and the informa-
tion of the interaction vertexes involved in these ignored
diagrams is scarce.
To compute the contributions of the Feynman dia-
grams shown in Fig. 1, we adopt the interaction La-
grangian densities as used in Refs. [22, 23]:
LγKK = e(K−∂µK+ −K+∂µK−)Aµ, (1)
LγKK∗ = egγKK
∗
mK∗
εµναβ∂µK
∗
ν∂αAβK, (2)
Lγηω = egγηω
mω
εµναβ∂µων∂αAβη, (3)
2 We ignore the contributions from other low-lying s-wave nucleon
resonances which have small contributions to the present cal-
culation according to the Moorhouse selection rules [21], which
pointed that those nucleon resonances have very weak or vanish
γNN∗ coupling and hence have weak ωNN∗ coupling.
LγΛΛ∗ = eκγΛΛ
∗
2(mΛ +mΛ∗)
Λ¯∗γ5σµνΛF
µν + h.c., (4)
LKNΛ∗ = gK¯NΛ∗N¯KΛ∗ + h.c., (5)
LKΛN∗ = gKΛN∗Λ¯KN∗ + h.c., (6)
LηΛΛ∗ = gηΛΛ∗ Λ¯ηΛ∗ + h.c., (7)
LηNN∗ = gηNN∗N¯ηN∗ + h.c., (8)
LK∗NΛ∗ = gK¯∗NΛ∗N¯γ5γµK∗µΛ∗ + h.c., (9)
LωNN = gωNN N¯(γµ + κωNN
2mN
σµν∂
ν)ωµN, (10)
LωNN∗ = gωNN∗N¯γ5γµωµN∗ + h.c., (11)
LKΛN = − gKΛN
mN +mΛ
Λ¯γ5γµ∂
µKN, (12)
LηNN = −gηNN
2mN
N¯γ5γµ∂
µηN, (13)
where e =
√
4πα (α is the fine-structure constant), Aµ
and Fµν (= ∂µAν − ∂νAµ) are the photon field and elec-
tromagnetic field tensor, respectively. We take κωNN=0
as used in Ref. [24] and κγNN∗ = 2.06 obtained from the
partial decay width of N∗ → Nγ. For κγΛΛ∗ , we deter-
mine it with SU(3) flavor symmetry prediction, which
gives κγΛΛ∗ = 1.03.
3 For the coupling value gωNN , with
the ratio of gωNN/gρNN = 3.0 [24], and the value of
gρNN ≃ 3.36 [14], we get gωNN ≃ 10.09. For the cou-
pling constants gN∗Nω and gΛ∗NK¯∗ , they are also ob-
tained with the SU(3) flavor symmetry relation, which
gives gN∗Nω ≃ 0.43 and gΛ∗NK¯∗ ≃ 0.75. 4 Moreover,
we take gηNN = 2.02 and gKΛN = −13.98 as used in
Ref. [17], while the other coupling constants are deter-
3 Obtained with the relation κγNN∗/κγΛΛ∗ = 2 which was pre-
dicted by a chiral quark model [25].
4 Obtained with gN∗Nρ = 0.87 [15], gN∗Nρ/gN∗Nω = 2 and
gΛ∗NK¯∗/gN∗Nω =
√
3, which is evaluated from the vector
meson-quark couplings using a chiral quark model [25].
3mined from the partial decay width of K∗, ω, Λ(1670),
and N(1535) as listed in Tab I.
TABLE I: Parameters used in the present calculations. [FS]
means that the corresponding parameters are obtained from
the SU(3) flavor symmetry.
State Width Decay Adopted g2/4pi
(MeV) channel branching ratio
K∗ 51 γK 9.9× 10−6 2.24 × 10−2
ω 8 γη 4.6× 10−6 9.75 × 10−3
Λ(1670) 35 K¯N 0.25 9.20 × 10−3
Λη 0.18 6.59 × 10−2
K¯∗N − 4.48 × 10−2[FS]
γΛ − 8.44 × 10−2[FS]
N(1535) 150 Nη 0.42 0.28
ΛK − 6.88× 10−2 [23]
Nω − 1.50 × 10−2[FS]
The propagators of nucleon (or Λ hyperon), vector
mesons ω and K∗−, and pseudo-scalar K− meson can
be written in the forms of
GN/Λ(pN/Λ) = i
/pN/Λ +mN/Λ
p2N/Λ −m2N/Λ
, (14)
GµνV (pV ) = −i
gµν − pµV pνV /m2V
p2V −m2V
, (15)
GK(pK) =
i
p2K −m2K
, (16)
where pN/Λ, pV , and pK are the four-momentum of the
exchanged nucleon (or Λ hyperon), vector mesons ω and
K∗−, and pseudo-scalar K− meson, respectively.
In addition, the propagators for Λ(1670) and N(1535)
can be written in a Breit-Wigner form [26],
GR(pR) =
i(/pR +MR)
p2R −M2R + iMRΓR
, (17)
where pR, MR, and ΓR are the four-momentum, mass
and the total decay width of Λ(1670) or N(1535), re-
spectively.
Besides, we need to include the form factors because
the hadrons are not point-like particles. We adopt here
the common scheme used in many previous works. In our
calculations, the form factors for K, K∗, ω, off-shell nu-
cleon pole, N(1535), off-shell Λ pole, and Λ∗ are adopted
the form advocated in Refs. [18, 27–29],
F (p2ex,Mex) =
[
Λ4c
Λ4c + (p
2
ex −M2ex)2
]n
, (18)
with pex and Mex the four-momentum and mass of ex-
changed hadron, respectively, Λc the so-called cutoff pa-
rameter and n = 1 or 2 depending on the specific cou-
pling [30]. In the calculation, we adopt n = 1 for K,
N(1535), and Λ(1670), while n = 2 for K∗, ω, nucleon
pole, and Λ pole. Besides, to minimize the number of free
parameters, we use the same cut off parameters Λc = 1.5
GeV for all the exchanged hadrons for simplicity.
With those established effective Lagranians, propaga-
tors, and coupling constants, the invariant scattering
amplitudes for the γp → K+ηΛ reaction can be ob-
tained straightforwardly by following the standard Feyn-
man rules. The amplitudes for Fig. 1, can be written
as
4Ma = egηΛΛ∗gK¯NΛ∗F (p2K ,mK)F (p2Λ∗ ,mΛ∗)u¯(p5, s5)GΛ∗(pΛ∗)u(p2, s2)GK(pK)(pµ3 − pµK)εµ(p1, s1), (19)
Mb = egηΛΛ∗gK¯NΛ∗F (p2K ,mK)F (p2Λ∗ ,mΛ∗)u¯(p5, s5)GΛ∗(pΛ∗)
pµΛ∗
p1 · pΛ∗ u(p2, s2)εµ(p1, s1), (20)
Mc = egηΛΛ
∗gK¯∗NΛ∗gγKK∗F (p
2
K∗ ,mK∗)F (p
2
Λ∗ ,mΛ∗)
mK∗
u¯(p5, s5)GΛ∗(pΛ∗)γ5(γλ − pΛ
∗λ/pΛ∗
p2Λ∗
)u(p2, s2)
×GλνK∗(pK∗)ǫµναβpµK∗pα1 εβ(p1, s1), (21)
MNd =
egKΛNgωNNgγηωF (p
2
ω,mω)F (p
2
N ,mN )
(m5 +mN )mω
u¯(p5, s5)γ5/p3GN (pN )γλu(p2, s2)G
λν
ω (pω)ǫµναβp
µ
ωp
α
1 ε
β(p1, s1),(22)
MN∗d =
egKΛN∗gωNN∗gγηωF (p
2
ω,mω)F (p
2
N∗ ,mN∗)
mω
u¯(p5, s5)GN∗(pN∗)γ5(γλ − pN
∗λ/pN∗
p2N∗
)u(p2, s2)
×Gλνω (pω)ǫµναβpµωpα1 εβ(p1, s1), (23)
Me = eκγΛΛ
∗gηΛΛ∗gKNΛF (p
′2
Λ∗ ,mΛ∗)F (p
2
Λ,mΛ)
(m5 +mΛ∗)(m2 +mΛ)
u¯(p5, s5)γ5γ
µεµ(p1, s1)GΛ∗(p
′
Λ∗)GΛ(pΛ)γ5/p3u(p2, s2), (24)
MNf =
egKΛNgηNNF (p
2
K ,mK)F (p
2
N ,mN )
(m5 +mN )(m2 +mN )
u¯(p5, s5)γ5/pKGN (pN )γ5/p4GK(pK)(p
µ
3 − pµK)εµ(p1, s1), (25)
MN∗f = egKΛN∗gηNN∗F (p2K ,mK)F (p2N∗ ,mN∗)u¯(p5, s5)GN∗(pN∗)u(p2, s2)GK(pK)(pµ3 − pµK)εµ(p1, s1), (26)
MNg =
egKΛNgηNNF (p
2
K ,mK)F (p
2
N ,mN)
(m5 +mN )(m2 +mN)
u¯(p5, s5)
γ5(/p1 − /p3)pµ3
p1 · p3 GN (pN )γ5/p4u(p2, s2)εµ(p1, s1), (27)
MN∗g = egKΛN∗gηNN∗F (p2K ,mK)F (p2N∗ ,mN∗)u¯(p5, s5)
pµK
p1 · pKGN
∗(pN∗)u(p2, s2)εµ(p1, s1), (28)
where the sub-indices a, b, c, d, e, f , and g stand for
the diagrams shown in Fig. 1. The p1, p2, p3, p4 and
p5 represent the four-momentums of the photon, proton,
K+ meson, η meson and Λ hyperon, respectively. The s1,
s2 and s5 are the spin projections of the photon, proton
and Λ hyperon, respectively. pK and pK∗ (= p1 − p3)
correspond to the four-momentum of exchanged K− and
K∗− meson, respectively. pω (= p1 − p4) is the four-
momentum of exchanged ω meson. pΛ (= p2 − p3) is the
four-momentum of exchanged Λ hyperon. pN and pN∗ (=
p2− p4) are the four-momentum of intermediate nucleon
and nucleon resonances, respectively. pΛ∗ (= p4 + p5)
(Fig. 1 (a), (b) and (c)) and p′Λ∗ (= p1 − p5) (Fig. 1
(e)) are the four-momentum of the intermediate Λ(1670)
resonance.
The contact terms illustrated in Fig. 1 (b) and (g) serve
to keep the full amplitude (M) gauge invariant. By in-
cluding the amplitudeMb andMN, N∗g , it is easy to show
that the total amplitude satisfies the gauge invariance
p1 · M = 0 (29)
with
M = Ma +Mb +Mc +MNd +MN
∗
d +Me
+MNf +MN
∗
f +MNg +MN
∗
g . (30)
Finally, the cross section for γp→ K+ηΛ reaction can
be calculated with
dσ(γp→ K+ηΛ) = 1
8Eγ
∑
s1,s2,s5
|M|2 d
3p3
2E3
d3p4
2E4
mΛd
3p5
E5
×δ4(p1 + p2 − p3 − p4 − p5), (31)
where E3, E4, and E5 are the energies of the final parti-
cles K+, η, and Λ hyperon, respectively; Eγ is the energy
of incident photon at laboratory frame.
III. NUMERICAL RESULTS AND
DISCUSSIONS
In this section we show our theoretical results of the
total and differential cross sections of the γp → K+ηΛ
reaction near η-meson production threshold.
5A. Total cross section
The total cross section versus excess energy Eγ for the
γp → K+ηΛ reaction is calculated by using a Monte
Carlo multi-particle phase space integration program. In
Fig. 2, we plot the total cross section as a function of the
photon beam energy Eγ in the region of 2.0 < Eγ < 2.5
GeV. From Fig. 2, one can clearly see that the Λ(1670)
resonance [i.e., the contributions from the diagrams (a),
(b), and (c) in Fig. 1] gives a dominant contribution to
the reaction from the threshold to Eγ = 2.5 GeV, while
the contributions from the other diagrams shown in Fig. 1
are small.
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Fig.1(d+g+f)
Fig.1(e)
Fig.1(a+b+c)
Total
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FIG. 2: (Color online) The cross sections vs photon beam
energy (Eγ) for the γp→ K
+ηΛ reaction from present calcu-
lation obtained with the parameters in the table I. The solid
curve represents the total cross sections including all the con-
tributions of Fig. 1. Different contributions of Fig. 1 (a+b+c),
Fig. 1 (e) and Fig. 1 (d+f+g) are indicated explicitly by the
legends in the figures.
The contribution of the Λ(1670) resonance includes
three parts: (i) K− meson exchange [Fig. 1 (a)]; (ii)
contact term [Fig. 1 (b)]; and (iii) K∗− vector meson
exchange [Fig. 1 (c)]. The relative importance of these
three process to the γp → K+ηΛ reaction is obviously
shown in Fig. 3. From which we can see that the contribu-
tion from K∗− vector meson exchange is larger than that
from K− meson exchange between the reaction thresh-
old and Eγ ≈ 2.16 GeV. But, with increase of photon
energies Eγ , the contribution from K
− meson exchange
grows faster than the one from K∗− vector meson ex-
change. This can be easily understood since the value of
the coupling constant g2
K¯∗NΛ(1670)
obtained according to
the SU(3) flavor symmtry is about 5 times larger than
g2
K¯NΛ∗(1670)
determined from the partial decay width of
Λ(1670) → K¯N . Thus, the contribution from K∗− vec-
tor meson exchange is dominant around the threshold.
However, with the photon energy increasing, the con-
tribution of K-exchange is to become more important
for the faster increase of the contribution from the K-
exchange. The contribution from contact term is small
in the whole energy region considered in the present work.
2.0 2.2 2.4
0.01
0.1
1
Fig.1(b)
Fig.1(c)
Fig.1(a)
 (n
b)
E (GeV)
FIG. 3: (Color online) The cross sections vs photon beam
energy (Eγ) for the γp→ K
+ηΛ reaction from Λ(1670) reso-
nance contribution. The contributions of K− meson exchange
[Fig. 1 (a)], K∗− vector-meson exchange [Fig. 1 (c)] and con-
tact term [Fig. 1 (b)] are indicated with red dotted line, blue
dashed line and cyan short dashed line, respectively.
Meanwhile, due to the uncertainty of the form factors,
it is necessary to consider the effects of form factors on
the cross sections. For the dominant contributions of
Λ(1670) to the reaction, we just need consider the influ-
ence of the form factors on the cross section from the
K∗−- and K−-exchanges.
Firstly, we consider the form factors effects on the cross
section with different values of n (n=1 or n=2) by fixing
the cutoff parameter with Λc = 1.5 GeV. The results are
shown in Fig. 4. We can see that the cross section is
sensitive to n. With n = 2 the cross section is obviously
suppressed compared with that of n = 1. The difference
between the cross section predicted with n=1 and that
predicted with n=2 becomes more and more large with
the photon energy Eγ increasing. For example, at photon
energy Eγ = 2.5 GeV the cross section for K
− exchange
varies from 0.5 nb to 0.8 nb with the values of n changed
from 2 to 1. While, for K∗− exchange, the cross section
varies from 0.3 nb to 0.7 nb.
Next, we consider the form factors effects on the
cross sections with different cutoff parameters Λc. In
Fig. 5, we show the predicted cross sections of the K−
and K∗− exchanges with three typical cutoff parame-
ters Λc = 1.2, 1.5, 1.8 GeV, respectively. From the fig-
ure, it clearly see that the predicted cross sections have
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 K* exchange(n=2)
 K* exchange(n=1)
 K  exchange(n=2)
 K  exchange(n=1)
FIG. 4: (Color online) The cross sections vs photon beam
energy (Eγ) for the γp→ K
+ηΛ reaction from K− and K∗−
meson-exchanges contributions with the different values of n
with cutoff parameter Λc = 1.5 GeV.
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FIG. 5: (Color online) (a)-(b): the cross sections vs photon
beam energy (Eγ) for the γp→ K
+ηΛ reaction from the ex-
changedK− andK∗− mesons contributions with the different
values of cutoff parameter Λc with n = 1; (c)-(d): as in (a)-(b)
but with n = 2.
a strong dependence on the cutoff parameter Λc. Con-
sidering a 20% uncertainty of the cutoff parameter, i.e.,
Λc = 1.5 ± 0.3 GeV, we find that the uncertainty of the
predicted cross sections can reach to 100%− 200%.
Finally, it should be pointed out that our results
might bear some uncertainties from the coupling constant
gΛ(1670)K¯∗N , since it is estimated from the SU(3) flavor
symmetry. However, there is no experimental data on
this reaction, we will leave those issues to further studies
in the future.
As a whole, with our model parameters, Λ(1670) with
exchanged K− and K∗− mesons gives the dominant con-
tribution to the γp → K+ηΛ reaction, while the contri-
butions from nucleon, N(1535) resonance and t-channel
are negligibly small. The form factors have large effects
on the total cross section.
B. Differential cross section
In addition to the total cross section, we also study the
differential cross section for γp → K+ηΛ reaction. The
corresponding momentum distribution and angular dis-
tribution of outgoing K+ meson, η meson, and hyperon
Λ, theKΛ and ηΛ invariant mass spectrum in the center-
of-mass frame at two energy points Eγ = 2.1, 2.4 GeV
are shown in Fig. 6 and Fig. 7, respectively.
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FIG. 6: Difference cross sections (solid lines) for the γp →
ηΛK+ at the excess energy Eγ = 2.1 GeV and phase-space
distribution (dashed lines). (a)-(c): the momentum distribu-
tion of outgoing K+ meson, η meson and hyperon Λ, respec-
tively; (d)-(f): the angular distribution of the K+ meson,
η meson and hyperon Λ in the total center-of-mass frame,
respectively; (g)-(h): the invariant mass spectrum of the out-
going hyperon Λ and K+ meson, outgoing Λ and η meson,
respectively.
From the figures, we see that the K+ meson and η me-
son momentum distributions are very different from the
results with phase space only. However, the Λ hyperon
momentum distributions is similar to the results with
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FIG. 7: As in Fig. 6 but for the case of Eγ = 2.4 GeV.
phase space only. Furthermore, from the angular distri-
butions shown in the figures, we see that K+ meson has
a large distribution at forward angles. While the η meson
and hyperon Λ have large distributions at the backward
angles. Finally, from the ηΛ invariant mass spectrum, it
is seen a obvious peak at MηΛ ≈ 1.675 GeV, which is
from the contribution of Λ(1670).
It should be pointed out that the effective Lagrangian
approach is a convenient tool to catch the qualitative fea-
tures of the γp→ K+ηΛ reaction; however, it is not con-
sistent with the unitary requirements. In principle, the
unitary is important for extracting the parameters of the
baryon resonances from the experimental data [31, 32],
especially for those processes involving many intermedi-
ate couple channels and three-particle final states [33, 34].
Thus, the unitary might introduce effects on our model
predictions. Meanwhile, couple channel effects can not
be taken into account in our calculations. Our model
calculation constitutes the first step in this direction.
IV. SUMMARY AND CONCLUSIONS
In this work, we investigate the total and differential
cross sections of the γp → K+ηΛ reaction within an ef-
fective Lagrangian model. It is shown that the resonant
diagrams induced by K∗− and K− mesons provide the
most important contributions. It is also found that the
contributions from nucleon pole and N(1535) due to the
ω meson exchange and K meson exchange are negligi-
bly small. It should be remarked the form factors for
exchanged K∗− vector meson and exchanged K− meson
have a significant effect on the cross section.
We also studied the differential cross section at beam
energy Eγ = 2.1, 2.4 GeV. It is found thatK
+ meson has
forward angle distribution, while η meson and hyperon Λ
have backward angle distribution. We expect that future
experiments will provide a test to our model calculations.
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